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Introduction

Hospital discharge is a vulnerable time for many patients as 
they transition to home or other health care facilities.1 To 
help address this problem, the Centers for Medicare and 
Medicaid Services (CMS) has taken a special interest in 
evaluating the impact of transition-of-care (TOC) support 
in reducing readmissions. CMS introduced the Hospital 
Readmissions Reduction Program (HRRP) in 2012 to help 
decrease readmissions for targeted conditions that typically 
result in higher readmissions among beneficiaries.2

Implementation of the HRRP has been associated with a 
significant decline in hospital readmissions for both HRRP 
targeted and nontargeted conditions.3 In 2015, approxi-
mately 17.8% of Medicare fee-for-service beneficiaries 
were readmitted within 30 days for at least one of CMS’s 
HRRP targeted conditions compared with 21.5% in 2007. 

However, continued implementation and innovation of 
TOC programs is necessary because approximately 27% of 
readmissions are potentially avoidable4 and incur an esti-
mated economic burden of $25 billion to $45 billion 
annually.5,6
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Objective: To describe pharmacy-supported transition-of-care (TOC) interventions and determine their effect on 30-day 
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controlled trials, cohort studies, or controlled before-and-after studies were included. Two reviewers independently 
extracted data and evaluated study quality. Data Synthesis: A total of 56 articles were included in the systematic review 
(n = 61 858), of which 32 reported 30-day all-cause readmissions and were included in the meta-analysis. A taxonomy 
was developed to categorize targeted patients, intervention types, and pharmacy personnel as sole intervener. The meta-
analysis demonstrated about a 32% reduction in the odds of readmission (odds ratio [OR] = 0.68; 95% CI = 0.61 to 
0.75) observed for pharmacy-supported TOC interventions compared with usual care. Heterogeneity was identified (I2 
= 55%; P < 0.001). A stratified meta-analysis showed that interventions with patient-centered follow-up reduced 30-day 
readmissions relative to studies without follow-up (OR = 0.70; CI = 0.63 to 0.78). Conclusions: Pharmacy-supported 
TOC programs were associated with a significant reduction in the odds of 30-day readmissions.
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Medication-related problems (MRPs) are estimated to be 
the largest cause of hospital readmissions (40%), and approx-
imately 14% of medication-related hospital readmissions are 
preventable.7,8 Several factors contribute to MRPs, including 
polypharmacy,9 medication nonadherence, and high-risk 
mediations.10,11 MRPs following hospital discharge may 
include adverse drug events,12-14 unintended medication 
changes,15,16 errors and discrepancies,17 intentional and unin-
tentional medication nonadherence,18 and inappropriate med-
ication prescribing.19 If classified as a distinct disease, MRPs 
would rank as the fifth leading cause of death in the United 
States.20 According to several studies, MRPs are also a major 
cause of morbidity and mortality and occur more commonly 
during the transition process.8,12,13,21-24

The frequency and preventability of medication-related 
readmissions underscores the need for improved medica-
tion management during and following hospitalization. As 
pharmacists’ participation on medical rounds has been 
associated with significant reduction in adverse events,25,26 
integration of pharmacists into interdisciplinary TOC 
teams would likely be associated with similar reductions in 
MRPs. Therefore, professional organizations have pro-
duced “best practices” recommending the integration of 
pharmacy into interdisciplinary TOC teams to reduce 
readmissions.27-29

Qualitative research suggests that pharmacy-supported 
interventions are effective when (1) nurses and physi-
cians are in close collaboration with pharmacists, (2) 
medication reviews occur on admission, (3) patient-tai-
lored interventions are used, and/or (4) pharmacists are 
affiliated with the hospital.30 Several systematic 
reviews29-34 have used qualitative criteria to describe and 
identify the components (eg, collaboration and patient-
tailored interventions) that the authors considered impor-
tant to the impact of pharmacy-supported TOC programs. 
Kwan et al29 and Mekonnen et al32 have previously con-
ducted meta-analyses evaluating the impact of medica-
tion reconciliation on clinical outcomes; however, these 
studies were limited to programs primarily focused on 
medication reconciliation. Currently, no quantitative evi-
dence exists on the overall impact on readmissions of 
pharmacy-supported TOC programs that provide services 
beyond medication reconciliation. Furthermore, specific 
details (eg, intervention components, patients targeted) 
that may influence the TOC program’s impact on read-
missions have not been explored.

The objectives of this systematic review and meta-anal-
ysis were to (1) describe the types of pharmacy-supported 
TOC programs, (2) identify the patient populations targeted, 
(3) identify study-reported outcomes, (4) conduct a meta-
analysis to estimate the impact of pharmacy-supported TOC 
programs on 30-day all-cause hospital readmissions, and 
(5) conduct stratified analyses to identify which factors 
influence readmissions.

Methods

Data Sources and Searches

This review was conducted in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines35 and was registered in the PROSPERO 
international registry of systematic reviews (CRD42015020536). 
English-language studies examining pharmacy-supported TOC 
interventions in the United States, published between January 
1, 1995, and December 31, 2015, were identified. Studies spe-
cific to the United States were solely targeted because of the 
unique payer system mix and recent changes incorporated by 
government oversight in the past 20 years.2 A systematic search 
was conducted, in collaboration with a medical research librar-
ian (JM), using the following data sources: ABI Inform 
Complete (1971-2015), Academic Search Complete (1887-
2015), EMBASE (1947-2015), CINAHL Plus with Full Text 
(1937-2015), ClinicalTrials.gov (2000-2015), Cochrane 
Library (1898-2015), International Pharmaceutical Abstracts 
(1970-2015), Dissertations and Theses (1861-2015), OAIster 
(1615-2015), PsycINFO (1600-2015), PubMed/MEDLINE 
(1946-2015), and Web of Science Core Collection (1900-2015). 
Additional sources included topic-relevant gray literature and 
the following professional association websites: American 
Society of Health-System Pharmacists, American Pharmacists 
Association, American College of Clinical Pharmacy, National 
Transitions of Care Coalition, Centers for Medicare & Medicaid 
Services, American Geriatrics Society, Institute of Medicine, 
Institute for Healthcare Improvement, The Care Transitions 
Program, Society of Hospital Medicine, and Agency for 
Healthcare Research and Quality. A hand search of reference 
lists of included studies and review articles was also conducted 
to identify additional studies. Key search terms included data-
base-appropriate keywords and controlled vocabulary, includ-
ing health transitions, pharmacists, transitions of care, and 
pharmaceutical services. Complete search strategies for each 
database are listed in Supplementary Appendix Table 1 (avail-
able at http://aop.sagepub.com/supplemental).

Study Selection

For inclusion in the systematic review, studies had to meet 
predefined PICOS + E requirements: specified population, 
intervention, comparator(s), outcome(s), study design, and 
exclusion criteria for study inclusion.35 Eligible studies 
included patients 18 years and older with an inpatient admis-
sion discharged directly to home. Studies where patients were 
discharged from a hospital to another health care facility pro-
viding institutional care (eg, subacute rehabilitation, nursing 
facility, mental health facility, prison) were excluded. For 
inclusion, any pharmacy-supported TOC intervention had to 
be defined as such (ie, medication reconciliation, discharge 
medication counseling, postdischarge phone follow-up, or 
home visit) and have been conducted by pharmacy personnel 
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(eg, pharmacist, student pharmacist, pharmacy technician). 
Interventions could have occurred at any time during the TOC 
continuum (ie, admission, during hospitalization, discharge, 
postdischarge). Additional requirements for study inclusion 
were the following: comparison of pharmacy-supported care 
to usual care and a reported postdischarge outcome (eg, read-
mission rate, hospital utilization, MRPs). The usual care 
group was defined by each individual study and could include 
varying levels of services at the study site. Both randomized 
controlled trials (RCTs) and non-RCTs (prospective cohort, 
retrospective cohort, and controlled before-and-after) were 
included in this review.

Data Extraction and Quality Assessment

A dual review process was used for study inclusion 
assessment and data extraction, with teams of 2 review-
ers assessing studies independently and meeting to 
resolve discrepancies. The authors involved in the 
review process (CRR, NM, JTH, EZB, KC) used stan-
dardized, study-specific article screening tools to review 
abstracts for study inclusion and extract data for included 
studies. Extracted data included the following: study 
and participant characteristics, targeted patient popula-
tions, TOC intervention components, and postdischarge 
outcomes.

The RCT and non-RCT tools from the Cochrane 
Collaboration were used to assess risk of bias.36,37 The RCT 
risk-of-bias tool specified 6 domains for evaluation: (1) 
sequence generation (ie, random allocation sequence ade-
quately specified to ensure comparable groups are pro-
duced), (2) allocation concealment (ie, random allocation 
concealment was explained satisfactorily), (3) blinding of 
outcome assessors (ie, whether knowledge of the allocated 
intervention was adequately prevented during the study), 
(4) incomplete outcome data (ie, if incomplete data were 
appropriately addressed), (5) selective outcome reporting 
(ie, if study results suggest selective outcome reporting), 
and (6) other sources of bias (ie, whether the study was 
seemingly void of other issues classified as high risk of 
bias). Given the nature of the interventions, blinding of par-
ticipants and personnel is often not feasible and, therefore, 
was not assessed. Studies were rated as low-, unclear-, or 
high-risk of bias.

To satisfy the risk-of-bias assessment training, RCT 
study reviewers (CRR, NM, JTH, EZB, KC) independently 
evaluated 2 RCT studies.38,39 Following the independent 
reviewer evaluation, any discrepancies in rating practices 
were discussed and resolved to ensure consistent risk rating 
of subsequent studies. Then, groups of 2 reviewers (NM 
and KC; JTH and EZB) independently assessed risk of bias, 
and differences were resolved through consensus after dis-
cussion with the primary author. If studies were included in 
Ensing et al,30 a systematic review with overlapping studies, 

the authors only conducted 1 review and then compared 
their risk-of-bias assessment with that of Ensing et al.

For non-RCT studies, the Cochrane Risk of Bias 
Assessment Tool: for Non-Randomized Studies of 
Interventions (ACROBAT-NRSI) was used to evaluate 
potential for bias.36 Non-RCT studies were assessed on 7 
risk-of-bias domains: (1) confounding (ie, bias resulting 
from lack of adjustment for patient demographics, comor-
bidity severity case-mix, and/or prior hospitalization), (2) 
participant selection (ie, selection bias), (3) measurement of 
interventions (ie, misclassification, information, recall, 
measurement, and/or observer bias), (4) departures from 
intended interventions (ie, performance bias, time-varying 
confounding), (5) missing data (ie, attrition bias), (6) mea-
surement of outcomes (ie, detection, recall, information, 
misclassification, observer, and/or measurement bias), and 
(7) selection of reported result (ie, outcome reporting and/or 
analysis reporting bias). Two authors (ARH, MKS) inde-
pendently rated the non-RCT studies. For both RCT and 
non-RCT risk-of-bias ratings, any rating discrepancies were 
discussed and resolved among authors, and ratings were 
verified at each level of analysis.

Data Synthesis and Analysis

For each of the studies included in the systematic review, 
patient demographics, pharmacy practice setting, and indi-
vidual study-reported primary outcomes were described. In 
certain cases, allowances were made to enable examination 
of the available study-reported primary outcomes. For 
example, when a specific primary outcome was not clearly 
stated; no comparison to usual care was made; and/or when 
more than 1 outcome was listed as a primary objective, the 
most relevant outcome with a comparison to usual care was 
reported, with preference given to 30-day all-cause read-
missions. Targeted population and intervention component 
categories were generated to standardize reporting; these 
categories were stratified based on individual study-
reported primary outcome results. The targeted patient pop-
ulations were categorized as CMS HRRP admission 
diagnosis, history of chronic comorbidity, medication-
related, other characteristics affecting TOC, and general 
patient population. TOC intervention components were cat-
egorized as medication reconciliation, patient counseling, 
improved medication access, discharge plan development, 
patient-centered follow-up, provider-centered follow-up, 
medication adherence tool given, or other. Elaborated defi-
nitions for targeted patient population and intervention 
component categories are listed in Table 1.

A meta-analysis was performed to assess the impact of 
pharmacy-supported TOC interventions on 30-day all-cause 
readmissions; the outcome was an odds ratio (OR) calcu-
lated for the pharmacy-supported interventions versus usual 
care groups in each study. When reported in the non-RCT 
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studies, the regression-adjusted outcome results were 
used.40 Hence, ORs were used as the effect measure to 
include studies using covariates and reporting adjusted 
ORs. Outcome estimates were pooled, using a random 
effects model, to construct a forest plot to estimate the over-
all effect of pharmacy-supported TOC interventions on 
30-day all-cause hospital readmissions. The a priori α level 
was 0.05.

To assess study variability, the I2 measure was calculated 
to assess the extent to which the results of the studies were 
consistent. The I2 measure yields a percentage of variability 
in effect estimates because of heterogeneity rather than 
sampling error (ie, chance).41 Because the analyses included 
studies with various research designs, intervention compo-
nents, and degrees of pharmacy involvement, the authors 

assumed that there was a high likelihood of variation in the 
outcomes between the studies. Therefore, stratified analy-
ses were performed to assess the impact of the following on 
the 30-day readmission outcome measure: (1) intervention 
type (eg, patient-centered follow-up care, touchpoint fre-
quency), (2) target population (eg, chronic comorbidities, 
medication-related inclusion criteria), and (3) study meth-
ods (eg, study design, multivariate analysis).

To assess publication bias, funnel plot asymmetry and 
Kendall’s τ were evaluated.42,43 A 1-study removed analy-
sis, in which a single study is removed and the effect size 
recalculated so that the amount of effect that study has on 
the overall effect size can be ascertained, was done. 
Comprehensive Meta-Analysis Program software, version 
2, was used for the analyses (Biostat, Inc, Englewood, NJ).

Table 1.  Target Patient Population and Intervention Component Categorization Descriptions.

Category Description

Target patient population
CMS HRRP admission 

diagnosis
•• �Patients who were admitted for one of the following CMS HRRP diagnoses: heart failure, acute 

coronary syndrome (eg, acute myocardial infarction), chronic obstructive pulmonary disease, 
pneumonia, and/or total hip arthroplasty or total knee arthroplasty

History of chronic 
comorbidity

•• �Patients with a history of a certain chronic disease state. This chronic disease state did not 
have to be the admission diagnosis

•• �When patients required a minimum number of comorbidities (more than one comorbidity) for 
inclusion into the study, this was subclassified as “multiple”

Medication related •• Patients targeted based on current medications documented at admission and/or discharge
•• �This could include polypharmacy or a minimum number of medications; high-risk medications 

(eg, insulin, warfarin); high number of medication changes at discharge; or medication-related 
problems

Other characteristics 
affecting TOC

•• �Any other patient characteristic provided in the study inclusion criteria that was considered to 
affect transitions of care (eg, age greater than 60 years, concerns for self-management, prior 
hospitalization use)

General population •• �A specific patient population or characteristic was not specified in the inclusion criteria, and 
the study included any adult patient from the site

Intervention component
Medication reconciliation •• All activities that led to assembling an accurate medication list, including a check for 

appropriateness of prescribing and documentation of changes.
•• �Subclassification for timing of intervention: A = at admission, I = during inpatient stay, D = at 

discharge, P = posthospitalization
Patient counseling •• Actively incorporating the patient as a source (or recipient) of information.

•• �Subclassification for timing of intervention: A = at admission, I = during inpatient stay, D = at 
discharge, P = posthospitalization

Improved medication access •• �Interventions aimed at improving access to medications (eg, bedside medication delivery, 
removed financial barriers)

Discharge plan development •• �Patient provided with a discharge plan that may have included items such as emergency 
telephone numbers, a list of medications, follow-up appointments, and so on

Patient-centered follow-up •• Patient was engaged in follow-up after patient was discharged from the hospital
•• �Subclassification of type of outreach: T = telephone call, H = home visit, C = clinic visit,  

M = multiple types
Health care provider–

centered follow-up
•• �Consists of reporting medication-related problems(s) to primary care provider and/or 

communicating discharge plan to any health care provider
Medication adherence tool 

given
•• �Patient was provided with ways to improve taking medications as prescribed. This may include 

providing patients with pill box/organizer, medication calendars, or reminder tool

Abbreviations: CMS HRRP, Centers for Medicare and Medicaid Services Hospital Readmission Reduction Program; TOC, transition of care.
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Results

Study Inclusion

The flowchart of study inclusion is displayed in Figure 1. 
Of the 2611 citations reviewed, 56 studies38,39,44-97 were 
included in the systematic review, and 32 of those studies 
were analyzed in the meta-analysis.38,44-74 Studies were 
excluded at the level of a full-text review for the following 
reasons: lack of a comparison group (n = 129), patients not 
transitioned directly home (n = 17), no postdischarge out-
come reported (n = 102), study conducted outside of the 
United States (n = 58), inclusion of patients younger than 
18 years (n = 6), and study being a subgroup analysis of a 
parent study (n = 2).

Systematic Review Results

Study Characteristics.  Table 2 summarizes the characteris-
tics of studies included in this review and meta-analysis. 
Patients’ mean age ranged from 34 years58 to 82 years,65 
and the percentage of males ranged from 15%82 to 79%63 
for the included studies. The studies used different 
designs, including: RCT (n = 18), prospective cohort  

(n = 14), retrospective cohort (n = 12), and controlled 
before-and-after (n = 12). In total, 61 903 patients were 
included, with individual study sample sizes ranging from 
25 unique patients63 to 21 375 unique patients;58 4 stud-
ies56,78,88,89 failed to report sample size. Usual care had 
varying definitions among the included studies. Studies 
may have had degrees of pharmacy involvement in the 
usual care group (eg, pharmacy rounding on medical 
teams); however, the usual care groups did not utilize 
pharmacy personnel to complete any TOC intervention. 
Most studies were conducted by pharmacy personnel 
practicing in hospital (n = 34, 61%) or clinic settings (n = 
21, 38%). The 30-day all-cause readmission rate was the 
most common study-reported primary outcome (n = 24, 
48%), followed by other readmission-related outcomes 
(eg, 60- or 90-day, disease-specific; n = 13, 23%), medi-
cation-related outcomes (n = 11, 20%), and other out-
comes (n = 8, 14%). Study-reported outcome results 
ranged from favoring the intervention group (n = 25, 
45%), showing a positive trend (n = 9, 16%), to showing 
no difference (n = 21, 38%) between the intervention and 
comparison groups. None of the studies showed results 
favoring the usual care group.

Figure 1.  Flow diagram of literature search and included studies.
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Targeted Patient Populations.  Table 3 delineates the patient 
populations targeted in each study. Patients targeted for 
TOC interventions varied across studies. Regarding tar-
geted recruitment, medication-related reasons (n = 19, 34%)
were most commonly reported, followed by CMS HRRP 
admission diagnoses (n = 15, 27%) and history of chronic 
comorbidities (n = 14, 25%). In all, 10 studies (18%) 
included the general patient population rather than selection 
based on targeted patient characteristics criteria. Patients 
targeted based on medication-related reasons included 
polypharmacy (n = 12, 63%), high-risk medications (n = 10, 
52%), a high number of medication changes at discharge (n 
= 5, 26%), or MRPs (n = 3, 16%). Out of the studies that 
utilized a CMS HRRP admission diagnosis to target 
patients, heart failure was the most common HRRP diagno-
sis (n = 12, 80%). Half of the studies targeting patients with 
a history of a certain chronic disease included patients with 
diabetes (n = 7).

Pharmacy-Supported TOC Intervention Characteristics.  Table 4 
summarizes pharmacy-supported TOC interventions for 
each study. The most common interventions were patient 
counseling (n = 48, 86%), medication reconciliation (n = 
45, 80%), and patient-centered follow-up (n = 45, 80%). 
Timing of interventions varied throughout the 
TOC continuum (ie, at admission, during hospitalization, at 
discharge, and/or postdischarge), with the most common 
timing of interventions being at postdischarge (n = 45, 80%) 
followed by at discharge (n = 32, 57%). Patient-centered 
follow-up was reported as a telephone call in 21 studies; a 
combination of either telephone, home, and/or clinic visit in 
12 studies; a clinic visit in 8 studies; or a home visit in 4 
studies. The majority of interventions were conducted with 
pharmacy personnel as the sole intervener (n = 37, 66%), 
whereas the remaining studies utilized pharmacy personnel 
as part of the TOC team.

Risk-of-Bias Assessment of Included Studies.  Six categories 
were utilized to assess risk of bias for the RCT study 
designs (Supplementary Appendix Table 2), and 7 catego-
ries were used for non-RCT study design evaluation (Sup-
plementary Appendix Table 3). Four RCT studies scored 
low risk of bias for all 6 categories.39,62,79,81 High risk of 
bias was found in the allocation concealment category in 4 
studies,38,84,90,91 and other areas of bias identified as high 
risk included random sequence generation,90 blinding of 
outcomes assessors and data analysts,91 incomplete out-
come data,52 and selective outcome reporting.97 There were 
insufficient data to permit judgment for random sequence 
generation (n = 5),38,52,64,87,94 allocation concealment (n = 
5),52,57,64,87,94 blinding of outcomes assessors and data ana-
lysts (n = 10),52,53,57,64,75,82,84,87,94,97 and other sources of bias 
categories (n = 7)52,57,64,82,91,92,97 for the RCT studies. High 
risk of bias was identified in 68% of non-RCT studies for 

the predicted direction of bias as a result of confounding 
category,44,46-48,50,51,54,56,63,65,66,69,71,72,74,76,77,78,83,85,88,89,93,96 
indicating that most studies failed to perform an adjusted 
analysis to control for readmission cofounders such as prior 
hospitalizations and patient comorbidities. The predicted 
direction of bias resulting from selection of participants into 
the study category was also commonly scored as high risk of 
bias (n = 9),46,50,51,58,59,69,74,76,77 indicating that the study 
groups were nonequivalent at baseline and, typically, no 
multivariate regression was used to control for differences. 
More than three-quarters of the studies did not report  
intervention fidelity (n = 28),44-46,48,50,51,54-56,58-61,63,65-

70,73,74,76,78,83,88,89,93 making it difficult to determine how com-
prehensively the interventions were implemented.

Meta-analysis Results

30-Day Readmissions Outcome.  Of the 56 studies included, 
32 (34 study arms) met the meta-analysis inclusion criteria 
and included 6 RCTs;33,52,53,57,62,64 samples ranged from 61 
patients57 to 19 659 patients.61 The forest plot of 30-day all-
cause readmission ORs for the composite meta-analysis is 
shown in Figure 2. For the composite meta-analysis, the 
overall sample size was 32 538 patients (with 73 206 read-
missions), with a significant reduction in the odds of all-
cause 30-day readmission by about 32% (OR = 0.68; 95% 
CI = 0.61, 0.75) observed for pharmacy-supported TOC 
interventions compared with usual care. Significant hetero-
geneity was observed across studies (I2 = 54%; P < 0.001). 
When stratified into subgroups, a meta-analysis showed a 
statistically significant difference (P = 0.006) between stud-
ies with a patient-centered follow-up component versus 
studies with no patient-centered follow-up (Table 5). Com-
pared with those without a patient-centered follow-up com-
ponent,44,51,56,59,66,69,74 clinic visits46,49,57,63,67 and combination 
care (ie, 2 or more types of follow-up provided)38,54,58,64,70-72 
showed significant reductions in the odds of readmission (P 
= 0.009 and P = 0.003, respectively); however, telephonic 
interventions45,47,48,50,52,53,55,60-62,65,73 were statistically simi-
lar (P = 0.052). Furthermore, there were no differences in 
the odds of readmission between telephonic interventions 
relative to clinic visits (P = 0.091) or combination care (P = 
0.396), nor between clinic visits and combination care (P = 
0.191). Interestingly, there was a larger amount of heteroge-
neity in the no follow-up (I2 = 36%; P = 0.127) and tele-
phonic follow-up (I2 = 23%; P = 0.216) groups relative to 
the clinic visit and combination care groups (I2 = 0%, P = 
0.413, and I2 = 0%, P = 0.702, respectively). It was difficult 
to draw conclusions from the subgroup analyses involving 
home visits given that only 1 such study was included.68 No 
other significant differences were found among the groups 
to reduce the odds of readmission with respect to (1) inter-
vention types other than patient-centered follow-up care 
(Supplementary Appendix Table 4), (2) patient populations 
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Figure 2.  Effect of pharmacy-supported care with patient-centered follow-up (telephonic, clinic, combination, home visit, or no 
follow-up) compared with usual care on 30-day readmissions. No follow-up = pharmacy-supported care without patient-centered 
follow-up. Combination = 2 or more types of follow-up provided. Home visit = in-home visit by pharmacist. Citations marked with 
(A) are studies that used multivariate analysis to control for confounders; citations marked with (U) are studies that used admissions, 
not patients, as the unit of analysis; citations marked with H = high risk patients, M = moderate risk, and L = low risk. Compared 
with those without a patient-centered follow-up component, clinic visits and combination care showed significant reductions in the 
odds of readmission (P = 0.009 and P = 0.003, respectively); however, telephonic interventions were statistically similar (P = 0.052). 
Differences between telephonic, clinic, and combination care were not significant, P > 0.07.

targeted for intervention (Supplementary Appendix Table 
5), and (3) study methods used (Supplementary Appendix 
Table 6). Effect of pharmacy intervention was beneficial on 
30-day readmissions regardless of touchpoint frequency, 
improved medication access, discharge plan development, 
or whether pharmacy personnel were acting solely or part of 
the care team (Supplementary Appendix Table 4). Studies 
with retrospective controlled before-and-after designs had 
the largest variability in 30-day readmission effect sizes 
across studies (I2 = 66%; P = 0.005).

Evidence of publication bias was not identified 
(Kendall’s τ with continuity correction P value =0.86). The 
publication bias funnel plot (Supplementary Appendix 
Figure 1) indicated that studies missing from the analysis 
were smaller in size and reported minimal or no effect on 
the pharmacy-supported TOC intervention. When missing 
studies were imputed to investigate the potential effect on 
the result, the authors found that adding extra studies had no 
significant impact on the overall readmission OR (study 
imputed OR = 0.69; 95% CI = 0.60, 0.79). The 1-study 
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Table 5.  Influence of Patient-Centered Follow-up Care on 30-Day Readmissions.

Subgroup Category (Number of Studies) OR 95% CI [I2]a (P Valueb)
Between-Study 

Difference, P Value
Effect Size for 
Comparisonc

Patient-centered follow-up care
  No follow-up (9) 0.829 0.705, 0.975 36% (0.127) 0.006 0.167
  Patient-centered follow-up (25) 0.612 0.532, 0.705 18% (0.206) — —
  Overall (34) 0.697 0.627, 0.775 54% (<0.001) — —
Patient-centered follow-up care subcategories  
  No follow-up (9) 0.829 0.705, 0.975 36% (0.127) 0.003 0.407d

  Telephonic (12) 0.644 0.529, 0.783 23% (0.216) — —
  Clinic (5) 0.396 0.233, 0.671 0% (0.413) — —
  Combination care (7) 0.574 0.480, 0.686 0% (0.702) — —
  Home visit (1) 1.581 0.595, 4.199 0% (1.000) — —
  Overall (34) 0.678 0.613, 0.749 54% (<0.001) — —

Abbreviation: OR, odds ratio.
aI2 is the percentage of total between-study variation resulting from heterogeneity, where 0% to 40% might not be important, 30% to 60% may 
represent moderate heterogeneity, 50% to 90% may represent substantial heterogeneity, and 75% to 100% represents considerable heterogeneity.104

bP value is from the Q-statistic comparing the expected study variability with the observed variability to evaluate whether between-study variation is a 
result of heterogeneity rather than sampling error.
cDifference in ORs represents the absolute difference between the 2 ORs for the groups under comparison, where <0.2 = small, 0.2 to 0.8 = medium, 
and >0.8 = large.105

dDifference in ORs for no follow-up and clinic follow-up care.

removed analysis demonstrated that the readmission OR 
would not significantly change when any individual study 
was removed (lowest OR = 0.64, 95% CI = 0.55, 0.74; high-
est OR = 0.67, 95% CI = 0.58, 0.74).

Discussion

The most important findings of this systematic review and 
meta-analysis were that pharmacy-supported TOC ser-
vices have a meaningful effect on 30-day readmissions 
(OR = 0.68; 95% CI = 0.61, 0.75) and were further 
enhanced when a patient-centered intervention approach 
was utilized. However, the effect was unrelated to other 
intervention types, targeted patient populations, touch-
point frequency, or study design type used. Although a 
significant readmission reduction effect was observed, 
very few RCTs were included. Articles using other study 
designs often did not use multivariate analysis techniques 
to adjust for confounding, and therefore, extraneous het-
erogeneity was introduced. The overall benefit seen in 
30-day all-cause readmissions emphasizes the need for 
integration of pharmacy services for patients undergoing 
TOC, particularly those discharged directly home. These 
results are noteworthy considering that medication man-
agement has been previously identified as one of the core 
pillars of patient difficulties experienced during the TOC 
process.98 Thus, emphasis on appropriate medication man-
agement is strongly recommended during this high-risk 
transition period.

Although patient-centered follow-up was the only sub-
group to provide statistically significant reduction in 30-day 

all-cause readmissions, other insightful findings were iden-
tified in the systematic review based on qualitative evidence 
on intervention types and targeted patient populations. A 
commonly implemented intervention was medication rec-
onciliation,38,39,44,46-51,53-58,60,62-64,66-80,82,83,85,86,89,91-93,95-97 
which often occurred in tandem with patient counsel-
ing.38,39,43,45,47-58,60-65,67-76,78-80-84,86,87,90,92,94-97 These 2 inter-
ventions were reported at various times throughout the TOC 
continuum and may have been repeated as additional touch-
points. Furthermore, there was considerable variation in the 
types of patients targeted among studies, with medication-
related issues most frequently used to define respective 
populations.44,46,53-55,57,60,62,69,73-75,78,80,82,84,90,95,96 Despite 
this, only 12 studies had inclusion criteria related to mini-
mum number of medications,46,54,57,62,69,73-75,80,82,84,96 and 
even fewer studies targeted patients according to the num-
ber of medication changes60,69,73,80,95 (see Table 3). This sug-
gests the need for medication-related inclusion criteria, 
especially given the rising prevalence of polypharmacy.9

The findings of this meta-analysis parallel those of the 
existing literature related to pharmacy-supported TOC 
interventions’ impact on hospital readmissions.29,32 Two 
meta-analyses previously conducted applied a narrower 
search scope for study selection to specifically evaluate the 
effect of medication reconciliation on postdischarge out-
comes, effectively excluding other types of pharmacy-sup-
ported care, such as providing postdischarge patient-centered 
follow-up care.29,32 Kwan et al29 used a composite outcome 
of emergency department visits and hospitalizations within 
30 days of discharge and found a significant risk reduction 
for patients receiving medication reconciliation compared 
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with control patients (risk ratio [RR] = 0.77; 95% CI = 0.63, 
0.95). Mekonnen et al32 reviewed 15 studies and found that 
pharmacist-led medication reconciliation significantly 
decreased all-cause readmissions (RR = 0.81; 95% CI = 
0.70, 0.95). To the best of our knowledge, this is the most 
comprehensive meta-analysis investigating the effect of 
pharmacy-supported TOC. Our findings augment the exist-
ing literature to substantiate an association between phar-
macy care and a reduction in the odds of 30-day all-cause 
readmission.

An overall effect was associated with a variety of inter-
ventions, but use of stratified analysis found only 1 factor 
that was associated with increased impact of pharmacy-
supported TOC: patient-centered follow-up care. Using 
qualitative criteria, Ensing et  al30 identified pharmacist 
intervention components that appeared to be associated 
with improved clinical outcomes, including active patient 
counseling and clinical medication review. Mueller et al33 
identified patient education and follow-up as common ele-
ments of pharmacist medication reconciliation interven-
tions that they considered successful. To the extent that the 
factors identified by Ensing et al and Mueller et al might be 
consistent with patient-centered follow-up care, the find-
ings of this study are consistent with their observations.

The current findings suggest the importance of consider-
ing pharmacy-supported interventions as standards for TOC 
are developed. Pharmacy personnel are highly trained and 
uniquely qualified to more accurately reconcile medication 
and allergy histories as well as provide discharge services 
that decrease preventable ADEs while simultaneously 
improving medication adherence.99,100 Currently, limited 
opportunities exist for pharmacists to receive reimburse-
ment for cognitive pharmacy services.101 To illustrate this 
point, most studies in this systematic review included hos-
pital-based interventions where institutions must rely on 
innovative ways (eg, grants, reimbursement bundling, and/
or cost containment) to fund such services. Thus, future 
studies are needed to better understand the utility of phar-
macy-supported interventions in other settings (eg, commu-
nity, ambulatory care, and health plan) to provide 
opportunities for expanded value demonstration and addi-
tional reimbursement mechanisms.102 Furthermore, a gap in 
the literature exists with regard to reporting polypharmacy 
or other medication-related criteria (eg, increased total 
number of medications, medication changes, new medica-
tions, or high-risk medications) used for patient inclusion 
criteria for TOC programs. Given that MRPs are the largest 
cause of hospital readmissions,7 it is vital that future studies 
include pharmacy-supported services to directly address 
and assess medication-related factors that contribute to 
readmission, such as polypharmacy.

Several limitations require consideration when interpreting 
these results. First, the design and quality of studies included in 
the meta-analysis were important limitations. Most included 

studies used some type of quasi-experimental design, yet failed 
to incorporate a statistical methodology to control for con-
founding factors (eg, patient demographics, comorbidities, and 
prior hospitalizations).103 Previous systematic reviews and 
meta-analyses have also highlighted the paucity of rigorous 
study designs and head-to-head comparisons of alternative 
interventions rather than usual care, which has limited the abil-
ity to draw conclusions about the most effective pharmacy-
supported TOC interventions in improving clinical 
outcomes.30,32,33 Second, the degree of pharmacy involvement 
was often underdescribed, and few studies provided data 
reporting the extent to which pharmacy-supported interven-
tions were implemented. Similarly, there was a lack of detailed 
description for the usual care group among the included stud-
ies, making it difficult to create a consistent, clear definition for 
usual care in TOC studies. Third, it was often unclear how the 
study was conducted with respect to study design and patient 
inclusion criteria, highlighting the need for standardized 
reporting. Fourth, readmission data were limited because many 
of these studies were conducted at single-hospital sites, con-
tributing to possible underestimation of readmissions. Finally, 
the generalizability of these findings is limited to the patient 
populations from the included studies and respective outcomes 
reported. Moreover, the conclusions only reflect those studies 
conducted within the United States and, therefore, may not 
apply to TOC programs worldwide.

Overall, this meta-analysis suggests that pharmacy-sup-
ported interventions significantly reduce the odds of 30-day 
all-cause readmissions. In particular, interventions that 
included a patient-centered follow-up component appear to 
have the most impact on 30-day readmissions. This is the 
newest meta-analysis to incorporate the most comprehen-
sive information surrounding this topic. The results of this 
study demonstrate evidence-based practices to support the 
integration of pharmacy into TOC services to minimize the 
risk of hospital readmissions.
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